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XCL - A Family of Programming Language-Based Shells

hlark A Rc)schke=
Ccrmpuung and Commimmnons Di\ ismn

Los Mtrrms I%auonal Laboratory
Los Alamos.

Introduction

As the dme major CNIX shells have emerged. the: have show-n
hule mclmauon m include synrax and semanucs mom exlsung
programming languages. The first of Lhese ,hells. sh ! l]. con-
IaIns only a small amoum of C-hke syntax. Cm i 2] prcwIdes
some C language exprcssmn syntax. but includes wry Me otiex
C syntax. The newest of Mse ihells. M [3]. also includes some
C-hke expressmn syntax. although W} crmtam some
jigr~iic~tl~ un-C-hke syntax m such areas as relauonai and logl-
al Opemors.

Several much less WI(WY used shells [.$-6] have been wmen Lhat
much more closely resemble pdrucuiar programming fanguages
However. esch of these shells have the disadvantage of not being
Wed upon a wdely used programming language. In addmon.
in~uw commands temd to be dlflicult to mer because they
must frquendy be entered using normal programming language
consuucts such as funccmr calls.

Thus. the vast mayniy of programmers of mday’s ~“IX shells
must deal wth a sheU mt:rface that M not based upon any faml -
har programming language. llus paper de.scnbes -mme of the
features of the xcf farmly of shells. Each of these shells ,s based
=:loscly upon an exMmg prcgmmmmg language and prnwdes tie
user wuh a fanuhar and highly programmable shell mtcrface

The Familiar Programming Language

Only a very b users of mda)”s UNIX shells are prcwded with
a Aell uucrface based upon a farmhar ~grammmg language.
In contra.w ~uh current LMX shells. UK XCI famdy of shells pro-
.Idcs kte user WIWI a scrres ~f >hell mlcrfaces. each of which IS
&Med htxt}dy upon J +Idcl) used prngrammmp language

Y -i is hascd upon [’w fundamental premmes W( a prngram -
mlng language An seine as a good workable haws for a \hcll.

Jnd lhal N lS h~ghly Wwraf?k for thal Pfogmmn,mg Ianguagc 10
* one wllh which the user IS famlhar

Ba.mng a shell closely upon a famhr programming Iangtiagc
pfovI&s SCWe~ maJor advan~ges 10 the user. FIrst. m~-h le,,

me and etTon ISreqmred on the user’s pan m learn a Mii.mm
poruon of dte shell m order to be producuve. Second. a USC:cm
make use of cuncm programming balms and problem solbmg
~chnques by being able to use farmhar everyday conmucb m
block suucmres. exprcssmns. and hbra.q iuncuons

The more comiortabk the user IS w n.h tJK :apabdmes ni the
shell. the less mclmauon there M for the user to re..cm m wriung

code m a programming language to accomphsh a gwen W lhw
may lx! well suited to a shell. I%IS IS espeually lmporuun “+htxr
efficuluy 15not of pflmary unportance. since shell idgonthm~
oiten conmst of 10 to I(M umes less code man the same 31go-
nthm cotkd m a programming language.

l%e reqmremem that the programming language must be farmhar
genemes Ns own unpkmentauort chaNenges. If a shell IS !uA
only upon a smgk programming language. those users pro&r-.im-
mmg m any another language arc essenually Ignored. The only
w=ay to provde a shell based upon a fanulmr programming

language !shon of requnng all programmers 10 program m k
same language) IS to prowk a series of shells based irpon dlt-
ferent pqramming hguagtx Xd prmwks shell micrixc~
LISA upon the C and FORIRAN programming languages. AIdI
the hwc desqpt of the shells s.!lowng for rcbwcl: w: ]mplc-
mentauon of other language uuert-aces

Smcc any dcvuatmn lrom the s)ntax and wmantlc~ (N Ihc rope.
u}c programming lang~c mcma~s the potcnkil Inr .{ml.,.:=w
mistaktx. and hwratmn. such deviall(m% hd*C hccn kcf’[ !.! .I
mlmmum and are largely ~.mlincd to ~hc ma I]( da l.ir~l].v:. !=!
l~k U)cred



fwility Lhat amounts to a smgle-funcuon program. Although the
Lerm “funcuon” may even lx used to refer 10 such is tactl Ny, the
way m which rhcse facditics mrcrad with each OUWI has mos[. d
not all, of the following important aurrbutes O! a program iac d-
Ity: command line syntax. cornpletron status, and the propagauon
of environment and signal values. As a result, the user IS
prevented from utdizing a true function facdlly (in the program-
ming language sense of the word) when approaching any given
problem. and the resulting code is often far from opumal &cause
of such a Iimmuon. In adciiuon, she look and fed of rhc.se
smgle-functmn programs IS further comphued by the fact that
most shells globally scope (at least by default) user vamtblcs
across these smgle-funcuon programs.

lle mcluslon of both programs and funcuons m xcf h~ several
advantages, l~;rst, the user may take advantage of such farndmr
funcuon fatttrcs as formal arguments, explicitly se[ and refer-
enced remm values, and familiar mter-function scoping rulas.
Second, standard hbrary funcuons such as 1/0, strtng manlpula-
uon, and mforrmmonat funcuons can be provided, and other
I Ibrary funcuons can be prowded m a way that na:urdl y extends
the capabdiues of the language. And d’wd, the mcluslon of a
I unchon facdily then allows for a separate program facd lly that
has the normal features of mtcr-progmrrr commumcauon, mclud-
Ing nol scoping user varrables across program boundaries.

Btock Structures and FApredrms

Much of the Mock structure and cxprcsslon syntax of .xrl M taken
dwcctfy from the rrxspccuvc prqrarnmmg language ThM pro-
vldcs lhe uwr with a powerful SCI of famllmr citpabdmes with
which to approach programming problems, In tho.sc fcw
lrLwances In which these citpabIIIues me msufficlcnt for it shell
enwrrmmcnt. such as In loops and string marupulalson, scvcml
loup wutxures and st.rmg operators were added,

In itdhurm 10 the normal UM of cxprcsslons m progmmmmg
Ianguagc uonsuucts, xcl also itllows language exprmwons m be
plwcd m non.language communds hy wmply crwlosmg the
cxpressmns wlthm Maces. This feature IS referred tGas cxpres-
~lon ~utwtttutson and IS it much more powerful feature than the
I(wrns 01 purimctcr MWumon employed hy May’s may)r
! “NIX shells, [ !%n-lwtguagc commands arc the commirmh
IhisI have it commalld-hrse style syntax and are used to cxccutc
pr[~cs~~~ {jr hul]t-in ~omm~ds), This aflr)ws \hc i)rr~griimmcr to

u~c cwmthtlly the ~mc progriimmmg Iartguagc cxprcwm ~vn.
IAV in vInuidly any command without ~mblgulty.

lai~gui.ige convcnuons, programming Iwrguage-tmscd (on)m.md.
tio not hitw any cmnplction status associitwd u Irh [hcm

Variables

There arc three types ot’ vanatdes In ZC1: user vimiibtcs, LSn\Ir,,n
mcm vanablcs, and control variables. User wrusblc$ lolh)w .I
farmlrar scoping converruon m that they are local unlcw d~’cl.irc’(!
to be global.

Enwronrncnt varrisbics are dmctly pmcmed aft~’r i \lS
cnwronmenl varmblcs. They follow t-he same w~plng rul~’i .I.
L%lX; I.e., Lhcy arc propagated across pn~gram kwnd,ww. II) .i
downwardady f~shmn.

Control varmbles may he tiought of M is kind 01 i,/ . (~l)!ri)l
panel having many swIIcbes and &i.ls hat control (k Imt’IIIJ!

cxecut.ron of xcf These vamblcs uontiun ..mh \JluL’\ J.
prornps, search paths, and varrous subsumhon llJgs. .Althiw~ti
they have no dsrect progra,rnmmg language coun[crp~rt, ttw> nui
WJll be rcfcrenccd m the same way as the other two Iypcs 1)1i JrI
tible dcscnbed Am’c, Jnd they arc glohid m WOfrc ;Ic’roii lutk
Uons.

Debugging

Even m cur’rm shells there IS slgmtimrrt mom tor rmproscm,’nl
m lhc area of dcbuggmg. But when UK programmer IS prCUIIIILI!
with a shell haed clowly upon a famlhar progrunlrlll!l~
Iarrbmgc, slgndicamly more complex shcil progmmi ;irc wrItI~n
which further murcmes the need for improved dctNJgg Ing, Jp.r
Illllucs.

XL 1 pvldcs a dynamic dcbuggmg C& IIIty kcd up)n the ML
[7] debugger, Ilts facdlty mcludcs a wgmiicam WFMV ,It It],
fir mterfacc, idlowmg the u.scrto SC[hreakpo;nu, print Ihc \ JIII(.

of vunisblcs or cxpressmns, CW, This dchuggmg IMIIII} t.lrl
drastKidly reduce the amount of Umc needed to dcfwg J ,tk’ i:
~grarn, and using famllutr dcbuggmg uommitnds dr~ill, JII \

reduces the amounl of time ncdcd u) learn m uw such ii I.1~IIIt\
FASCIIshell ~erwon U1:OWScxpreswrns m ht crucrcd uwng It],
iyntax of the rc pecuve progritmmqt Iimgutigc



‘f%e second area involves storage reservation. No declantions
defining maximum string size are used. Instead, each vafue IS
asmgned memory as needed during execution.

l%e thud area of divergence revolves subscripts. Arrays of
strings are not directly supported. Instead, subscripts are
included to provide a convemcnt method of referencing mdivl -
duaJ words or characters within strrngs, (A word IS a substnng
delinmed by unquoted whne space. )

NowLanguage Commands

?lon-language commands arc those commands that are not based
upon the rcspccuvc programming language. These commands
have a command-line syntax and may & mterspcrsed with the
Ianguagc-based commands. These non-fanguagc commands pro-
wdc the user with easy-m-enter (blank dehmited) commands.

They afsc provdc the user wuh a familiar set of powcrfuf opcra-
tms. The operators &al mostfy with various forms of substitu-
uon, such as fiknarnc, home directory, and command substitu-
tmn. Since them is mcwtablc overlap in syntax between
language and non-fanguage commands, allowing both of these
command types provde.s the useJ with both of these mdispcns-
itblc sets of capability wIthou: bcmg confronted with an unf’am-
Ihar syntax,

A disadvantage of this approach 1sthat process cxccuuorts mt!na
be used ducdy as logical cxprcsslons. In order to achlcvc such
an c/fesL process cxecut]ons must be performed as function
calls. However, tlm dmadvantagc was consdcred to bc a refa.
uvety smafl price to pay for atl of the fanguagc captbdiues that
arc gamed as a resuh of such an uppmach to the dcslgn of the
command Ianguagc,

Example 1

The following FORTRAN mtcrfiwe example IS an ml rouune to
WI the communal prompt. l%c mpu: argument to this routmc IS a
4rccto~ name. The [.,, ] wquencc.. are wmdar to parameter
wbsuumon found m the three mapr UNIX shells, cxccpt that
arty arbmary Ianguagc cxprewort may he placed wtthm the
hams, TIM prompt IS set 10 the name of the host computer. fol-
lowed by the last thmy characters of the dmctory name, fol-
Iowcd hy “’%

sufwoutme ~ctprompt(dlr)
n = Icn(du)
II [n .gt, 1(i) dir = dmn.29 10)
*t prompt “ (gcthowname( ) I {du ] % “’
rctum
L’nd

M automatically pked in[o the locaf varutblc named Iilc tk’l~)rc

the routtnc begins cxccuuon, The function strlcnw ,s used ul
count the number of words m the path control vanublc, whl~t) 1.
syntactically marked WIIJI a leading ‘S’, And IJW// opcrau)r con-
catenates two strings.

tindpatho

I
crndline -name file -posIuon I
for tI=O; icstrlenw(S-path); I++)

(
If (strcmptfilc, Spath[il) == ())

puts(Spitthlll // “/” // tile);

)
I

Current State

Xc/ IS written m C and mns under BSD 4,3 UNIX. FuIurc pl;in.
mcludc a System V vcrwon, followed by a UNICOS vtrwon. A
nurnbcr of mapr features have not yet i~cn Implcmertted, mclud -
mg foreground/bckground ~css corurol, and a scrccn cdltmg
style of command re-cxecutmrt.

Summary

Xcl IS a scnes of shells that can slgmficady mcrw.sc user pr[J-
ductiwty, Thts mc~ IS accomplish by provldmg (amliur
programming language syntax and capabilities whllc rctwmng
proven tradiuonaf mtcracuve features found m the mu~or [ ‘Xi X
shells,
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